Recent studies have focused on functional genomic approaches in studying complex human disease, at the same time highlighting the importance of characterizing the regulation and dynamic nature of gene expression to help understand the underlying biological mechanisms. Epigenetic mechanisms are crucial regulators of gene expression and, of these, DNA methylation is the most widely studied in mammals and is the focus of this review. The strategic use of twins provides a unique opportunity to circumvent some of the complexities in examining the aetiology of complex disease. Recent DNA methylation studies in twins can improve our understanding of the processes involved in the regulation of epigenetic variation and help disentangle the relative contributions of epigenetics, environment and genetic variation in complex traits.
Twin studies have played an important role in our understanding of individual variation for over a century. The comparison between monozygotic (MZ) and dizygotic (DZ) twins allows an estimation of the heritability of traits, which describes the proportion of the total variance in a trait that is attributable to genetic factors. Therefore, epigenetic studies in twins can give an insight into the genetic regulation of epigenetic variation. In addition, MZ twin concordance rates can vary across complex diseases. MZ concordance rates near 100% indicate that the trait is likely under genetic control of high penetrance. However, MZ concordance rates for many traits are often much lower than 100%, indicating a role of environmental and/or stochastic epigenetic factors in modulating phenotypes associated with underlying genotypes. Epigenetic mechanisms are widely believed to be the mediators of the influence of environmental factors on the underlying genome, and therefore the use of twins in epigenetic research is becoming increasingly popular.
Interestingly, gene expression studies in twins have accordingly identified not only evidence for heritable gene expression profiles, 1, 2 but have also identified genes that show MZ gene expression discordance levels above experimental noise. 1, 3 This relationship is even apparent in multiple tissues taken from newborn twin pairs, where MZ pairs can show clear discordance in gene expression profiles at birth, highlighting the importance of the in utero environment in determining overall gene expression (and most likely epigenetic) profile. 4 These findings support the hypothesis that MZ phenotype discordance may be due to divergence in gene expression between MZ twins in response to environmental and stochastic factors. The molecular mechanisms underpinning gene expression and associated phenotypic discordance in MZ twins are likely epigenetic in nature. Therefore, epigenetic studies in disease-discordant MZ twins can identify genes sensitive to the environmental factors that are associated with complex disease. Here, we aim to provide an overview of the use of twin studies in epigenetic research, both for the purpose of improving our understanding of the underlying biology of epigenetic mechanisms through the estimation of epigenetic heritability, and in identifying disease-related epigenetic change.
Twin studies help unravel the regulation of epigenetic profiles
The epigenetic status of a specific genomic region is determined by the sum of genetic and cumulative environmental and stochastic factors. However, the relative contribution of these factors to the epigenetic profile and its stability over time remains poorly understood.
Heritability of epigenetic profiles
The main strength of the classical twin study is the ability to distinguish between the contribution of genetic and environmental effects that contribute to a phenotype of interest, while controlling for age.
Twin studies can be applied to epigenetic variation in a similar vein, to dissect the contribution of genes and environment to the establishment of epigenetic profiles. Heritability is an estimate of the proportion of the total phenotypic variance in a population that is attributable to genetic effects. In twins, heritability estimates compare the degree of phenotypic similarities between groups of MZ and DZ twins using concordance rates or intra-class correlation. Twin-based studies can estimate the narrow-sense heritability (h 2 ), which measures the proportion of trait variance that is due to additive genetic effects. Twin narrow-sense heritability estimates can be calculated as twice the difference between MZ and DZ correlation, h 2 ¼ 2(r MZ À r DZ ), where r is the correlation coefficient for each twin pair type. 5 In the context of epigenetic heritability, classical twin studies can provide an estimate of the proportion of epigenetic variance at a single locus that can be attributed to genetic variation. In addition, the specific pattern of epigenetic twin-pair correlations at each locus can also inform the proportion of epigenetic variance that can be attributed to shared environment. 6 However, epigenetic heritability estimates will be not only population specific, but also cell, tissue, time and locus specific. These will also depend on the specific epigenetic mechanism and, to a certain extent, on the sensitivity, resolution and coverage of the epigenetic assay.
Previous studies have estimated heritability of DNA methylation profiles both at specific genes 7, 8 and across the genome. 9 The results indicate that certain regions of the genome show strong evidence of being under genetic control whereas others do not. 10 These findings are further supported by evidence of meiotic transmission of other epigenetic marks such as chromatin states 11 and transcription-factor binding sites, 12 familial clustering of DNA methylation patterns at certain regions, 13 allele specificity in DNA methylation 14, 15 and histone modifications, 16 and the identification of Single Nucleotide Polymorphisms (SNPs) that associate with DNA methylation at nearby genes (in cis).
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Epigenetic twin-based heritability estimates provide a measure of the locus-specific variance in epigenetic profiles that is attributed to genetic variants. However, the interpretation of the genetic component requires consideration for two reasons. First, there are no genome-wide studies to date that assess the extent to which twin-based epigenetic heritabilities correspond to the transmission of epigenetic marks across generations. 5, 20 In animals (including humans), there are examples of locus-specific trans-generational epigenetic inheritance, 21, 22 but there is also evidence that the fidelity of transmission of epigenetic changes is reduced with each generation. 23 Therefore, both twin-based and trans-generational family-based estimates of epigenetic heritabilities are necessary to understand the mechanisms underlying the genetic component of epigenetic variation at each locus.
Secondly, it is also feasible that DZ twins as a group exhibit more epigenetic differences than MZ twins because the former originate from different zygotes, potentially already epigenetically divergent. In contrast, MZ twins derive from a single zygotic epigenome.
In addition to informing the role of genetic components in epigenetic regulation, twin-based studies can also give an insight into the environmental factors underlying epigenetic variation. However, epigenetic twin studies require careful consideration of the factors that are attributed to common and unique environment, specifically with respect to intra-uterine environment. MZ twins share maternal, obstetric and genetic factors, but differences in epigenetic profile can accumulate in response to differences in environmental exposures and stochastic factors, accumulated both in utero and post-natally. In contrast, DZ pairs share many maternal and obstetric factors, but the likelihood of sharing specific genetic variations is the same as that of non-twin siblings. In terms of estimating common environmental effects in epigenetic heritability studies, a distinction could be made to compare DZ twins with specifically di-chorionic MZ twins, because MZ chorionicity has been associated with DNA methylation changes. 8, 9 DNA methylation comparisons in MZ mono-chorionic (MZMC) and MZ di-chorionic (MZDC) twins have been conducted across multiple tissues. 8, 9 Initial findings surprisingly indicated that MZMC had more dissimilar methylation profiles than MZDC in buccal tissue from 20 MZ twin pairs, using the Human 12K CpG island microarray, 24 which assays approximately 12 000 regions genome wide. However, a subsequent study in a larger sample of 56 MZ twins in multiple tissues 8 observed a mixture of effects of chorionicity on methylation and no consistent direction of effect across tissues. Specifically, MZMCs had more methylation differences than MZDCs in buccal tissue, granulocytes and human umbilical vein endothelial cells (HUVEC), but the opposite pattern was observed for cord blood mononuclear cells (CBMC) and placenta. These observations suggest that placenta sharing does not necessarily result in more similar methylation profiles across tissues. Another recent finding that may give an insight into the environmental factors influencing early-life epigenetic profiles examined the effect of assisted reproductive technology on the DNA methylation levels at three imprinted regions. 25 Although there were no great differences in methylation patterns between naturally conceived twins and twins who were conceived by in vitro fertilization (IVF), a slight increase in methylation variability was observed in the IVF group, suggesting that environmental perturbations may introduce variability in methylation at specific loci.
Several extensions to the classical twin model have been proposed for complex traits 6, 26 and these can also be applied to epigenomic data. Multivariate analyses of twin data, in which multiple phenotypes are modelled simultaneously, have been applied to complex phenotypes to search for interactions between phenotypic variables, primarily to gain insight into phenotype causality, and to identify genetic or environmental factors that influence a combination of traits (pleiotropy). All of these approaches can now be applied to epigenetic data; for example, multivariate analyses of different types of epigenetic data, such as DNA methylation, histone modification and nucleosome occupancy sites, can allow inferences about the mechanisms that trigger the initial chromatin change as opposed to those that occur as a consequence of the primary change. Extended twin analyses can also assess the evidence of genotype interactions, for example epistasis, genotype by environment and genotype by gender interactions, which will be important in understanding the regulatory processing underlying epigenomic data.
Finally, age differences between groups of MZ and DZ twin pairs may be a potential confounding factor specific to epigenetic analyses 27, 28 and should be considered in any analysis. Age-related effects on epigenetic processes can also be directly examined in twin-based heritability studies. Heritabilities can change over time; 6, 29 for example, estimates of the heritability of telomere length vary according to the age of the sample. 30, 31 Age-specific heritabilities of epigenetic processes may occur in response to several factors, including genetic effects that affect epigenetic profiles only at a certain developmental stage, changes in the environment that affect the variance contributed by environmental factors and potentially also affect genotype by environment interactions. Therefore, it is of great interest for future studies to specifically examine age-dependent epigenetic heritabilities.
Epigenetic changes over time
The cumulative effects of environmental and stochastic variation on changing epigenetic profile were first illustrated by a widely cited study that examined both genome-wide and locus-specific DNA methylation variation in a small number of young and middle-aged MZ twins. 28 Although 3-year-old MZ twins showed relatively few epigenetic differences within pairs, those aged 50 years showed considerable variability within pairs, and this was greater if the twins had divergent lifestyles. The statistical analyses included first generating locus-specific summary statistics for each individual and each data type (DNA methylation, histone acetylation, gene expression), followed by estimation of within twin-pair similarities of these summary statistics by calculating Euclidean squared distance within twin-pair. Further analyses compared the locus-specific epigenetic variables with the phenotype using mixed-effect models. The phenotype variables were obtained from principle component analysis applied to the original questionnaire data to reduce them to two uncorrelated components-'ageing' (encompassing age, weight and height) and 'health' (all variables of disease and pharmacological treatments). The general conclusion was that the epigenetic profile is in constant 'drift', although very few young twins were studied, the resolution of the assays was low, and statistical precision was low. 28 In addition, this was a cross-sectional study and did not evaluate methylation in the same individuals over time, potentially obscuring the distinction of methylation differences that occur over time, to those difference that are present among unrelated individual at birth.
Two studies have directly examined epigenetic drift longitudinally in twins. 32, 33 In the first, 32 analysis focused on buccal cell DNA methylation in three genes in 46 MZ and 45 DZ twin pairs at 5 and 10 years of age. Longitudinal change within individuals was calculated by assessing the correlation in methylation at each age. To assess the relative contributions of heritable and environmental/stochastic components to methylation levels, correlations within MZ pairs were compared with correlations within DZ pairs. The results indicated that methylation differences were present in MZ and DZ twins in early childhood and were, in general, not stable over time. In the second study, 33 longitudinal effects were examined at eight loci using two longitudinal blood (11-20 years longitudinal range) and buccal (2-8 years longitudinal range) samples from 34 individuals. Altogether, five of the eight loci were stable over time and across tissues. These studies were the first to reveal the extent of epigenetic discordance in MZ twins in early life and to highlight the instability of methylation levels over time. Importantly, different genomic regions were found to show varying levels of epigenetic divergence over time.
A recent examination of DNA methylation levels at several sites in multiple tissues from newborn twins confirmed that epigenetic drift between genetically identical individuals begins in utero and in a tissue-specific manner. In this study, intra-class correlation coefficients (ICCs) were higher in MZ than in DZ twins 8 ( Figure 1 ), supporting previous findings of a role for genetic/heritable factors in the establishment of epigenetic profile.
Epigenetic drift over time has also been observed for singletons and related individuals who are not twins, although some of the differences may in part be attributed to different genetic background. 13 For example, many CpG sites across the genome were identified to change consistently with age in two separate studies. 34, 35 Longitudinal changes in epigenetic marks are most likely to occur in a subset of genes. 33 
Twin studies of epigenetic effects in complex phenotypes
Experiments in genetically identical mice reared in near-identical environmental conditions demonstrate that most phenotypic variation is normally distributed. 36 One possible explanation of this finding is the possibility that epigenetic changes affect complex phenotype independent of genetic or environmental factors. Measurement of epigenetic differences in phenotypically discordant MZ pairs can provide a unique opportunity to identify genes sensitive to the environmental factors that are associated with complex disease.
The Discordant Twin Model MZ genetic identity Many studies have reported phenotypic differences between MZ co-twins, 37 and have revealed that non-genetic variation can contribute to disease penetrance and aetiology. The underlying assumption that MZ twins are genetically identical had been directly disproved in several instances: specific point mutations, [38] [39] [40] uniparental disomy, 41 triplet repeat expansion, 42, 43 chromosomal mosaicism 44 or heteroplasmy for mitochondrial-encoded mutations 45, 46 or chromosomal aneuploidies 37 have all been linked to specific phenotypic differences in MZ twins. Importantly, differences in both copy number 47 and telomere length 30, 48 have also been described in phenotypically discordant and concordant MZ twin pairs. It is likely that these rare genetic differences, mosaicism, as well as non-genetic (epigenetic) variation within MZ twin pairs underpin the majority of observed phenotypic discordance.
Are epigenetic changes causal or secondary to the trait? In genetic studies of complex traits, cause and effect can be distinguished because genomic variation is not considered to be variable over an individual's lifespan, except in relation to 'rare' somatic mutation. However, since epigenetic changes within an individual can vary over time, most epigenetic studies of complex phenotypes would require repeated longitudinal samples from more than one tissue. Unless samples are collected early in life and prior to phenotypic manifestation, unravelling epigenetic cause and effect is problematic. This illustrates some of the caveats associated with inferring causation in any epigenetic association study that links specific epigenetic changes to disease phenotypes.
Skewed X-chromosome inactivation in phenotypically discordant MZ twins The inactivation of the majority of genes on one X-chromosome in females is one of the most widely studied epigenetic phenomena in mammals. This mechanism of dosage compensation equalizes the expression of most X-chromosome genes in males (XY) and females (XX). It typically occurs in a random manner, with $50% of cells in a female showing inactivation of the maternally derived X and the other 50% showing inactivation of the paternally derived X-chromosome. However, in some individuals a skewed pattern of X-inactivation is apparent, where one parental X in over-represented in a particular tissue or cell type. In some instances, a recessive mutation carried on the active X-chromosome can have profound adverse phenotypic effects. Thus, skewed X-inactivation has been associated with discordance for several disorders including haemophilia, 49 Fragile-X syndrome 43, 50 and Duchenne Muscular Dystrophy. 51 Genome-scale epigenetic investigations in twins and phenotypically discordant MZ twins Several studies have attempted to identify epigenetic changes associated with complex human disorders by examining relatively low-resolution epigenetic variation at specific gene regions in disease discordant MZ twins (summarized in Table 1 ). Overall, the established effect sizes are small, with few examples of independent replication of the identified associations. To date, such studies have focused solely on DNA methylation, perhaps due to the availability of genome-wide assays of DNA methylation compared with other epigenetic marks.
Recently, other studies have started to examine the extent of DNA methylation changes across the genome that could potentially explain phenotypic discordance in MZ twins. Perhaps the most successful application of the discordant MZ twin model in epigenetics has been the investigation of DNA methylation changes in three immune related disorders: systemic lupus erythematosus (SLE), rheumatoid arthritis (RA) and dermatomyositis (DM). 52 The authors assayed genome-wide DNA methylation profiles at over 1500 CpG sites in five pairs of discordant MZ pairs for each disorder, validated the findings at specific genes in additional discordant twins and matched controls, and also measured overall 5-methylcytosine (5MeC) levels. Differentially methylated regions were calculated using t-tests and P-values were corrected for multiple testing using false discovery rates. 53 Candidate genes were selected for further validation if the mean methylation difference between affected and non-affected groups surpassed an arbitrary cut-off of 10%. The results highlighted 49 genes, enriched for immune functioning, that showed consistent changes in DNA methylation specifically in SLE, but not in RA or DM. Subsequent validation in matched controls and additional discordant twin pairs confirmed these results. Interestingly, global 5MeC levels showed an overall loss of DNA methylation in the SLE affected individuals, and this was found to be at least in part due to a specific decrease in methylation at repetitive 28S and 18S ribosomal RNA genes.
One the most compelling analysis of factors regulating overall epigenetic profiles was obtained through the high resolution analysis of DNA methylation in three collections of MZ and DZ twin pairs. 9 The samples consisted of white blood cells (WBCs) from 19 MZ twin pairs who were dichorionic and 20 DZ twin pairs matched for age, sex and blood count, and also buccal epithelial cells from 10 monochorionic MZ and 20 DZ age-and sex-matched pairs. Additional WBCs and buccal cells were obtained from each of 10 dichorionic MZ and 10 DZ pairs from another independent twin cohort, and gut biopsies were collected from 18 MZ pairs from another twin population. ICCs for MZ and DZ pairs were calculated for DNA methylation levels at over 6000 genomic regions using a DNA methylation microarray assay. 54 The ICCs clearly showed a higher degree of similarity between the MZ twins as a group, relative to the DZ group (P ¼ 1.2 Â 10 À294 ), with some variability between tissues. However, significant epigenetic differences were also found in nearly identical mouse strains, leading the authors to speculate that a differential zygotic epigenetic profile in DZ versus MZ twins, rather than genetic factors, was the primary driver of the ICC differences. 9 Nevertheless, this hypothesis could not be directly tested because of the inability to directly measure the epigenetic profile in single cell zygotes.
The future focus of both genomic and epigenomic analysis of twins will fall on high throughput nucleotide sequencing, which would eventually allow for the detection of epigenetic variation at every site in every gene. Baranzini et al. 55 examined genetic, DNA methylation and gene expression profiles by next-generation sequencing in purified CD4
þ T cells in a small number (three) of MZ twin pairs discordant for multiple sclerosis (MS). The gene expression data consisted of 50-68 million sequencing reads of messenger RNAs in each twin pair. The analyses of the expression Transcription factor involved in the formation of GABAergic interneurons. twin-pair data indicated that 57.3% of the variance in gene expression was attributable to between pair differences, 26.3% to unique individual differences and, surprisingly, only 9.4% was attributable to a diagnosis of MS. These data highlight the dynamic nature of gene expression and the challenges in trying to identify disease-related gene expression changes. Despite some evidence for allelic imbalance within discordant twin pairs, no such changes were common across all three MS discordant twin pairs examined. The DNA methylation data consisted of 50-90 million highquality reads of reduced representation bisulphite sequencing (RRBS) from CD4 þ T cells of the three discordant twins, and also showed little evidence of DNA methylation changes that could be specifically associated with the MS phenotype. Although several hundred locus-specific differences were observed between males and females, or between primary and cancerous tissues, the magnitude of epigenetic differences between MZ twins discordant for MS was minimal. However, the sample was relatively small, and consisted of a heterogeneous mix of males, females, Europeans and African Americans. Therefore, although the findings could represent true negative results or disease heterogeneity, it is also possible that the sample size was too small to provide statistical power to detect significant epigenetic differences. Unfortunately, there was no independent validation of the observed epigenetic differences using an alternative methodology, so the robustness of the few observed DNA methylation changes within MZ pairs remains unclear. 55 Power to detect epigenetic changes in disease-discordant MZ twins Many factors affect the power of the discordant MZ twin design to detect disease-related differentially methylated regions (DMRs) or differentially methylated probes (DMPs). These include the effect size of the epigenetic variant on disease, the concordance of methylation levels between MZ twins at the locus of interest, the sample size, and the sensitivity, coverage and reproducibility of the methylation assay. Kaminsky et al. 56 estimated the power of the discordant MZ twin design for a specific microarray methylation assay. 54 They found that a relatively small number (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) of phenotypically discordant twin pairs had sufficient (480%) power to detect epigenetic changes of 1.2-fold, where an effect size of 1.2-fold change was significantly greater than the null experimental variance threshold for the assay (1.15-fold change). The study also examined the reproducibility and number of technical replicates and as expected, found that increasing the number of technical replicates reduced the technical variance and increased power to detect epigenetic changes. Therefore, limited attempts at power calculations are so far encouraging for the application of genome-scale methylation analysis to large twin-based studies. However, these power estimates do not necessarily apply to other genome-wide methylation assays, which will differ in sensitivity, specificity and coverage. Therefore, the power to detect epigenetic changes in discordant MZ twins needs to be re-evaluated in the context of specific epigenetic assays and in particular for next-generation sequencing technologies.
Epigenetic contribution to phenotype heritability The missing heritability from genome-wide association studies (GWAS) refers to the observation that most variants identified from GWAS have relatively small effects and explain only a small proportion of familial clustering, leading to the question of how the remaining, 'missing' heritability can be explained. 57, 58 Several explanations have been suggested, including rare genetic variants, larger numbers of variants of smaller effects, structural variants, epistasis (genegene interaction) and shared environment among relatives. The contribution of epigenetic variation to complex phenotypes (Figure 2 ) may also in part explain the missing heritability from GWAS.
To examine the contribution of epigenetic effects to phenotypic heritability, a recent study proposed a mathematical model to incorporate genetic, epigenetic and phenotypic variation, and estimate the joint contribution of genetic and epigenetic effects to complex trait susceptibility. 59 The results suggested that while epigenetic variants may add to individual disease risk, they may not necessarily contribute to heritability unless methylation is faithfully transmitted during meiosis. However, more data are needed to test the underlying assumptions in the model, such as the stability of methylation transmission during meiosis, the effect of methylation variants on disease, and the suitability of the multiplicative model of disease risk. To this end, trans-generational studies of epigenetic variation in twins can inform the extent of transmission of epigenetic patterns during meiosis, for example, by comparing epigenetic MZ twin concordance profiles with age-controlled epigenetic concordance among relatives of different degree of relatedness across generations.
The possibility that environmentally induced epigenetic changes may be transmitted across generations could theoretically account for a significant proportion of the missing phenotypic heritability by impact on disease penetrance in subsequent generations, and also disease heritability rates. Studies have shown that parental diet, including maternal diet during pregnancy, can impact locus-specific DNA methylation levels and phenotypes in the next generation, [60] [61] [62] [63] [64] but as yet no-one has looked at the transmission of environmentally induced epigenetic changes across multiple generations in humans.
A common explanation of the missing heritability from GWAS is low power to detect epistasis, or the interaction between genes. In the context of epigenetics, extensions of epistasis would include the interaction between genetic and epigenetic variantsnot only in the context of epigenetic quantitative trait loci (QTLs) but also in terms of genetic-epigenetic effects on disease risk, and interactions between pairs of epigenetic variants. For example, Birney 62 describes two studies that are consistent with such a genetic-epigenetic interaction, one in sheep, 63 and one in the human FTO gene in diabetes, 66 and proposes that future analyses should include integrated genetic and epigenome-wide association scans (GWAS/EWAS). Performing studies of genetic-epigenetic interactions in MZ twins would help detect environmentally induced or stochastic epigenetic changes that contribute to the phenotype only via interactions with genetic factors. Such studies may shed light on the interaction between genotype and environment and on the mechanisms underlying incomplete penetrance in complex genetic traits.
Conclusions
Epigenetic studies of twins offer the advantage of allowing both a better understanding of the factors regulating epigenetic profiles, and of the role that epigenetic effects have in complex traits. However, there are two main caveats of studying epigenetic variation exclusively in twins. First, there may be epigenetic effects specific to twins that limit their utility as a model to reveal contributors to disease in a broader context. For example, recent data implicate epigenetic mechanisms in the embryo splitting that leads to MZ twins. 67 If epigenetic variants are specific to MZ twins, then MZ vs DZ comparisons aimed at identifying heritable factors may be confounded. These findings may also impact the correlations between epigenetics and MZ phenotypic discordance. Secondly, due to epigenetic profile changes over time, it is difficult to infer causality of any disease-associated epigenetic variants. Furthermore, these time-related changes would result in increasing population variance in epigenetic levels at age-sensitive loci. It is therefore important to use age-matched twin pair where possible for identification of epigenetic biomarkers specifically associated with disease discordance. Despite this potential problem, limited attempts at power calculations are encouraging for large-scale genome-wide methylation analyses in twin studies.
It is highly plausible that over the next decade a full characterization of human genomic, epigenomic and transcriptomic data will be within the reach of most researchers. In the case of epigenomic data, these will be contingent on the provision of multiple tissues from willing donors, ideally sampled at distinct time-points during the donor's lifespan. In many cases, such as with brain tissues, sample collection will need to be done post-mortem. It is likely that the level of complexity and variation revealed within an individual's cells/tissues/organs, as well as that between individuals, will be immense. Such timedependent epigenetic complexity may hinder the identification of biologically meaningful differences in epigenetic profile that initial studies propose to undertake. Despite this, the capacity to control for genetic variation using MZ twin pairs should prove valuable in helping to unravel the complexity of gene-environment-epigenetic interactions and their contribution to human health and disease. . Correlation estimates were obtained from previous genetic 65 and epigenetic studies 9 in twins. In siblings, the correlation in M will be lower than that observed in DZ twins due to age differences and associated increased level of cumulative stochastic change. The latent variables depicting DNA methylation status at a genomic region (M), will have resulting phenotypic effects that will be specific to age, sex, population (genetic factors) and the tissue sampled. Figure  adapted from Ref.
